p=0-6, Jac-CSM p=1). IPHA, SBA, DBA, CTA, UEA-1 and LTA did not bind to glaucomatous TM or normal TM. There were no age-related changes seen. Conclusions-The expression of some complex and hybrid, bisected and nonbisected N-linked glycans is significantly diminished in glaucomatous TM compared with normal TM. Some glycans with multiple N-acetylglucosamine residues and 0-linked glycans with terminal and subterminal galactosyl groups are significantly increased in POAG TM. Glycan expression does not change significantly with age in POAG or normal TM. (Br_r Ophthalmol 1996; 80: 435-444) The morphological changes observed in the human trabecular meshwork (TM) and Schlemm's canal (SC) in primary open angle glaucoma (POAG) are well documented. 1- 6 Despite considerable research, however, the pathogenesis of this condition remains unresolved.7 One of the major histological characteristics of TM from eyes with POAG is a lower cellularity compared with normal TM.8-'0 Other features which are usually associated with cellular degeneration include pigment accumulation and increased basement membrane deposition." 12 It is also well known that such alterations may be seen to a lesser extent as part of the normal aging process.8 13 Because of these observations, trabecular cell dysfunction has been implicated in the pathogenesis of POAG.8 11 13 The glycans of cell surface glycoproteins are important in determining structural and functional properties such as cellular permeability,'4 resistance of glycoproteins to degradation,'5 and surface antigenic characteristics,'6 so changes or aberrations in cell surface glycoconjugates may reflect pathological changes within the cell.'7 18 Previous investigations of the glycoconjugates of the TM have included a comparative histochemical study '9 which concluded that there is a greater concentration of sialic acid groups on the abluminal surface of SC endothelium in the TM of glaucomatous tissue compared with normal tissue. The lectins of Canavalia ensiformis (ConA), Triticum vulgaris (WGA), Phaseolus vulgaris erythroagglutinin (ePHA), and Ulex europaeus (UEA-1) have also been used in a comparative lectin binding study of TM EC=endothelial cell, C =core of trabecular beam; figures in bold=pretreated with neuraminidase. Staining: 4=intense, 3=moderately strong; 2=medium, I=weak, 0=none.
( Table 2 ). The method (detailed in a previous study22) was carried out as follows. (Table 2) was then applied at a concentration of 10 ,ug/ml in 0 05 M TBS, pH 7 6, containing 1 mM calcium chloride, and the sections were incubated at 37°C for 60 minutes. The sections were given three 5 minute washes in TBS with 1 mM calcium chloride before being incubated in avidin peroxidase (Sigma) at a concentration of 5 ,ig/ml in 0-125 M TBS for 60 minutes.24 After three 5 minute washes in TBS, the lectin binding sites were visualised with a 0-05% (w/v) solution of diaminobenzidine hydrochloride (DAB) in TBS containing cobaltous ions (mlI100 ml of 1% (w/v) cobaltous chloride solution).25
Sections were placed in this solution and, after 4 minutes, 0 015% (v/v) hydrogen peroxide was added and staining continued for a further 3 minutes. The sections were washed in running tap water for 2 minutes, dried, and mounted in XAM (Gurr, Speke, Liverpool). endothelium was less clearly defined. In three cases the canal endothelium was incomplete or was apparently absent. Table 4 gives the median scores of lectin staining of the glaucomatous TM and SC and Table 5 gives the median results of lectin binding to the TM from the normal eyes (discussed in more detail in a previous report22). The re-embedding of the eight normal eyes from wax into Araldite and the different fixative used did not result in any inconsistencies in the staining pattern compared with that of tissue which was embedded straight into Araldite after glutaraldehyde fixation. The determination of Spearman correlation coefficients showed that there was no significant correlation between lectin staining and age in either group 1 or group 2 with any of the lectins despite the wide age ranges (41-83 years and 32-84 years respectively). ConA binding ConA bound moderately strongly to SC endothelium, JCT, and CSM (except the cores of beams) of the glaucomatous tissue (group 1), with some variation between cases (Figs la and  b) . Staining of SC endothelium was variable and in some cases there were discontinuities in the pattern of surface staining (although the endothelium was still intact). In normal TM (group 2), ConA staining was strong throughout, particularly in the SC endothelium where staining was continuous (Fig lc) . Statistically there was no difference in staining intensity between glaucomatous (group 1) and normal (group 2) TM (ConA-SC, p=018, ConA-CSM, p=038 Table 6 ), but there was greater variation of staining within group 2.
PSA and LCA binding The binding of PSA and LCA to the JCT and CSM was less intense than that of ConA in both glaucomatous (group 1) and normal tissue (group 2) and there was variation between the two groups in the staining of SC endothelium. In the glaucomatous tissue (group 1), some sections showed moderately weak binding to both SC endothelium and the CSM, but in others the staining was moderately strong. There were occasional discontinuities in the staining, either because the endothelium was present but the lectin binding was irregularly weak, or because of deficits in the endothelium (Fig 2a) . The SC endothelium of normal tissue (group 2), on the other hand, showed continuous and moderately strong binding of PSA (Fig 2b) and LCA. This stronger staining of SC endothelium in normal tissues was shown to be statistically significant (PSA-SC, p=0002, LCA-SC, p=0-002 Table 6 ). PSA staining of glaucomatous TM (group 1) was not affected by pretreatment with neuraminidase (PSA-SC, p=030, PSA-CSM, p=0A47 Table 7 ) whereas normal SC endothelium and CSM endothelium (group 2) showed a significant reduction in PSA staining following treatment with this enzyme (PSA-SC, p=002, PSA-CSM, p=004 Table 8 ).
ePHA and 1PHA binding The pattern and intensity of ePHA staining of glaucomatous TM was similar to that of ConA and again there was more variation in intensity of staining between the group 1 specimens compared with the normal group. Normal TM bound ePHA consistently strongly with more intense staining of the SC endothelium and JCT than the CSM (Figs 3a, 3b ) and group 2 ePHA binding to the SC endothelium was found to be significantly greater than that in glaucomatous TM (ePHA-SC, p=004 Table  6 ) 1PHA did not bind to the TM of either group.
WGA, STA, and DSA binding The staining patterns of WGA and STA (which have overlapping binding requirements) showed differences in affinity and localisation from each other but not between groups 1 and 2. In both groups WGA bound weakly to all parts of the TM whereas STA stained with greater intensity on the SC endothelium than the JCT and CSM. DSA staining, on the other hand, was statistically greater in glaucomatous (group 1) than in normal TM (DSA-SC, p=0001, DSA-CSM, p=0002 Table 6 ).
ECA binding ECA bound weakly throughout the TM in both groups. Pretreatment with neuraminidase significantly increased the staining with ECA in both series (Figs 4a, 4b ) (ECA-SC, p=003, ECA-CSM, p=001 Table 7 ; ECA-CSM, p=0-04 Table 8 ).
SNA and AAA binding The sialic acid specific lectins SNA and MAA showed different binding patterns from each other. SNA bound strongly to the inner and outer walls of the SC, the JCT, and to a much 4 The effect ofpretreatment with neuraminidase on angle glaucoma trabecular meshwork (TM). (a) Despite dan Narrowed lumen of Schlemm's canal (SC) is visible (magniJ increases ECA staining throughout the section which includes staining of SC endothelium with some discontinuity where a c endothelium are more likely to be a result of trauma (large ar neuraminidase reduces SNA staining (magnification X 588). J7ac, MPA, AHA4, and BSA -1B4 binding Jac bound strongly throughout the outflow pathway in both groups and with greatest intensity in the JCT and SC endothelium where, in both the glaucomatous (group 1) and normal tissue (group 2), staining was sometimes irregular (Figs 5a, 5b) . MPA bound weakly in both groups but statistically more avidly in Group 1 (MPA-SC, p=0OOl, MPA-CSM, p=0-02 Table 6 ). However, although MPA (AHA-SC, p=OOl, AHA-CSM, p=0-01 residues in the form of repeated N-acetyllactosamine groups (-Gal, 1,4GlcNAc-). WGA, DSA, and STA possess similar, but not identical, specificities and the variation in binding between the lectins, in both groups, suggests that different glycans may be involved, particularly as DSA shows more intense staining with glaucomatous than normal TM. DSA has a similar specificity to STA but a greater affinity for multiple N-acetylglucosamine groups and can bind to 0-linked glycans. The weak staining with ECA, which was increased by neuraminidase pretreatment, indicates the presence of subterminal N-acetyllactosamine groups with some terminal sialylation. This particular grouping, with ot(2,6) linked sialic acid, is known to occur in fibronectin53 which has been shown to be present on SC endothelium in aged human eyes54 and in the Glycans which are 0-linked to serine or threonine of the protein chain are also present throughout the TM of trabeculectomy and normal tissue as shown by the strong binding of Jac (specific for Gal,B(1,3)GalNAc-and Gala(1,6)). MPA (which has similar but not identical specificities) shows statistically stronger staining in glaucomatous TM compared with normal TM. This lesser intensity of staining in normal TM may result from masking by sialic acid groups as neuraminidase pretreatment causes increased MPA binding, whereas there is no statistical difference following desialylation of glaucomatous TM. A biochemical study of trabecular cell surface glycoconjugates in the cynomolgus monkey eye concluded that all accessible terminal galactose/acetyl galactosamine groups were sialylated.56
The trabeculectomy specimens used in this study were from subjects where various combinations of drugs including pilocarpine, Timoptol (timolol), Ganda (guanethidine monosulphate), and Diamox (acetazolamide) prescribed over varying periods of time, had failed to normalise the intraocular pressure. The effect of medication on the morphology and biochemistry of the TM is an important question to be addressed as it is not known what, if any, influence drug therapy might have on the expression of glycan residues present in the TM. The number of patients in this study is insufficient to draw any conclusions about the effect of medication, but a previous comparative study of trabeculectomy specimens for treated and untreated subjects with POAG concluded, following qualitative and quantitative analysis, that medication produces no visible effect on SC and JCT morphology. 3 We have demonstrated that, from the overall similarity in their lectin binding patterns, there are no major differences in the types of glycans expressed in glaucomatous and normal TM. However, differences were observed in the intensity of staining of certain lectins, suggesting alterations in concentration of some of the glycans, which could reflect either an alteration in glycoprotein levels or glycan content. Thus high mannose, intermediate and complex, non-bisected and bisected N-linked glycans (which are not highly branched, but probably biantennary) are expressed in glaucomatous TM, particularly on SC endothelium, to a lesser degree than in normal tissue. Glycans showing an increased expression in glaucomatous TM compared with normal TM are (a) 0-linked glycans with terminal and subterminal galactose, with concomitantly less sialylation, and/or (b) groups with multiple N-acetylglucosamine residues which may be N-or 0-linked to the polypeptide backbone.
It has been suggested that the pathology of POAG is very similar to exaggerated aging changes in normal TM.57 However, we found no correlation between age and glycan expression in either normal or glaucomatous TM.
We conclude that the observed changes in glycan expression are relevant to the pathogenesis of POAG. Identification of the glycoproteins to which these giycans are linked should provide some insight into the pathological processes which constitute POAG.
